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ABSTRACT 


In this study, the influences of the East Asian jet stream (EAJS) and El Nino/Southem 
Oscillation (ENSO) on the interannual variability of the East Asian winter climate are examined 
with a focus on the relative climate impacts of the two phenomena. Although the variations of the 
East Asian winter monsoon and the temperature and precipitation of China, Japan, and Korea are 
emphasized, the associated changes in the broad-scale atmospheric circulation patterns over Asia 
and the Pacific and in the extratropical North Pacific sea surface temperature (SST) are also 
investigated. 

It is demonstrated that there is no apparent relationship between ENSO and the interannual 
variability of EAJS core. The EAJS and ENSO are associated with distinctly different patterns of 
atmospheric circulation and SST in the Asian-Pacific regions. While ENSO causes major climate 
signals in the Tropics and over the North Pacific east of the dateline, the EAJS produces 
significant changes in the atmospheric circulation over East Asia and western Pacific. In 
particular, the EAJS explains larger variance of the interannual signals of the East Asian trough, 
the Asian continental high, the Aleutian low, and the East Asian winter monsoon. When the 
EAJS is strong, all these atmospheric systems intensify significantly. 

The response of surface temperature and precipitation to EAJS variability and ENSO is 
more complex. In general, the East Asian winter climate is cold (warm) and dry (wet) when the 
EAJS is strong (weak) and it is warm during El Nino years. However, different climate signals 
are found during different La Nina years. In terms of linear correlation, both the temperature and 
precipitation of northern China, Korea, and central Japan are more significantly associated with 
the EAJS than with ENSO. 
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1. Introduction 


It has been known that both the East Asian jet stream (EAJS) and El Nino/Southem 
Oscillation (ENSO) are important phenomena affecting the winter climate of East Asia and the 
western Pacific. During the past several decades, substantial efforts have been devoted to 
investigating the structure, maintenance, and variability of the EAJS as well as its impact on the 
weather and climate in many Asian countries and their adjacent regions (e.g., Bolin 1950; Hsieh 
1951; Smagorinsky 1953; Mohri 1959; Yeh et al. 1959; Krishnamurti 1961; Reiter 1963; Zhu 
1966; Palmen and Newton 1969; Zeng 1979; Huang and Gambo 1982; Wallace 1983; Gao and 
Tao 1991; Liang and Wang 1998). Previous studies have shown that the EAJS is associated 
closely with cyclogenesis, ffontogenesis, blocking, and storm track activity on the synoptic time 
scale and with orographic features and land-sea thermal contrast on longer time scales. It has also 
been shown that the EAJS is linked to variations of the Hadley circulation (Palmen 1951; 
Bjerknes 1966; Hou 1998) and thus tropical convective activities (Chang and Lau 1980; Hoskins 
and Karoly 1981; Webster 1981; Chang and Lum 1985; Kang and Held 1986; Lau and Boyle 
1987; Yang and Webster 1990; Dong et al. 1999). 

Since the 1980s, ENSO’s impact on the East Asian climate has been investigated 
extensively (e.g., Rasmusson and Carpenter 1983; Tao and Chen 1987; Huang and Wu 1989; Li 
1990; Ding 1992; Webster and Yang 1992; Tomita and Yasunari 1996; Zhang et al. 1996; Kang 
1997; Zhang et al. 1997; Cholaw and Ji 1999; Lau et al. 2000; Wang et al. 2000). Many studies 
have been conducted to understand the relationship between ENSO and the Asian monsoon and 
the role of ENSO in extreme weather and climate events such as serious floods/droughts and 
persistent cold/warm episodes. 

Nevertheless, many questions about the relationship among ENSO, the EAJS, and the 
Asian— Pacific climate remain unanswered. Firstly, what is the relationship between ENSO and 
the EAJS? The EAJS covers a wide range of longitudes over Asia and the Pacific and only the 
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portion over the central-eastern Pacific shows a significant relationship with ENSO. Although 
the increase in strength of the central— eastern Pacific westerlies during El Nino years has been 
considered the intensification and eastward shift of the EAJS (e.g., Rasmusson and Wallace 
1983), how the EAJS core varies with ENSO remains unclear. Secondly, what are the factors that 
affect the year-to-year changes of the EAJS especially the jet core? Since the EAJS is strongly 
affected by internal dynamics, it may not be an easy task to establish a strong link between the jet 
stream and surface forcings. However, if the EAJS exerts a strong impact on climate, it is 
important to reveal an only moderate relationship between the EAJS and slowly-varying surface 
forcings like sea surface temperature (SST). As discussed by previous studies (e.g., Lau and Nath 
1990, 1996; Ting and Wang 1997; Robinson 2000), features of the connection between the 
atmospheric circulation and SST in the extratropics are far from being conclusive. Another 
important question that should be answered is about the relative influences of the EAJS and 
ENSO on the East Asian and Pacific climate. For any particular climate signal observed, how 
much of it is caused by the EAJS and how much is produced by ENSO? Although it is difficult to 
separate the influences by ENSO and the EAJS, the relative contributions of the two phenomena 
to a specific climate signal can be assess with certain confidence if an orthogonal relationship 
exists between the EAJS and ENSO. 

In this study, we attempt to obtain useful information for answering the above questions. 

We will examine the interannual relationship between ENSO and the EAJS. We will explore how 
ENSO and the EAJS are connected to the atmospheric circulation patterns over the Asian-Pacific 
regions. Our focus will be placed on the changes of atmospheric circulation systems and Pacific 
SST associated with ENSO and the EAJS. We will also emphasize on the response of the East 
Asian winter monsoon and the temperature and precipitation of Asian countries to ENSO and the 
variability of the EAJS. 

This paper is laid out as follows. In section 2, major features of the data sets used are 
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described. In section 3, we discuss the relationship between the EAJS and ENSO and compare the 
atmospheric teleconnection patterns and SST distributions that are associated with the two 
phenomena. The relative impacts of the EAJS and ENSO on the interannual variability of East 
Asian winter climate measured by temperature and precipitation fields are discussed in section 4. 
Finally, the study is summarized in section 5. 

2. Data sets 

The primary data used in this study are the winds and geopotential height from the 
reanalysis product of the US NOAA National Centers for Environmental Prediction (NCEP) and 
National Center for Atmospheric Research (NCAR). Other data sets include the NCEP Climate 
Prediction Center Merged Analysis of Precipitation (CMAP), NCEP reconstructed SST, and the 
surface air temperature (Ts) from the US NASA Goddard Institute for Space Studies (GISS). To 
depict detailed, regional climate features, we also analyze the station data precipitation and 
surface air temperature from China, Japan, and Korea (data obtained from 
ftp://ftp.ncdc. noaa.gov/pub/data/ghcn/v2 ; Peterson and Vose 1997). In addition, Southern 
Oscillation Index (SOI), the normalized difference in sea level pressure between Tahiti and 
Darwin, is applied in this study. 

The horizontal resolutions of data are 2.5°x2.5° (latitude by longitude) for the NCEP/NCAR 

reanalyses (Kalnay et al. 1996) and CMAP precipitation (Xie and Arkin 1997), and 2°x2° for the 
GISS Ts (Hansen et al 1999) and NOAA SST (Smith et al. 1996). Because of the limitation in 
data availability, different periods of the data sets (1949-99 for NCEP/NCAR reanalyses, 1950- 
98 for GISS Ts, 1979-99 for CAMP precipitation, and 1950-99 for NCEP SST) are analyzed. 
The analyses of this work are all based on monthly values from which seasonal means are 
computed. 
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3. Broad-scale characteristics 


It can be seen from Fig. la, which shows the 1949-99 December-February (DJF) 
climatology of U200, that the EAJS is one of the major atmospheric circulation systems over the 
Northern Hemisphere during winter. The EAJS is the strongest westerly jet stream with a 
maximum zonal wind speed greater than 70 ms' 1 over the ocean immediately to the south of 

Japan (around 32.5°N, 140°E). In spite of its intensity, the center of EAJS does not vary 
substantially from year to year in both magnitude and location, due probably to the effect of the 
Tibetan Plateau (Ramage 1952). The standard deviation of the DJF EAJS maximum is 4 ms -1 , 
about one half of that of the westerlies over subtropical central North Pacific. Out of the total 50 

DJFs from 1949 to 1999, the maximum of EAJS appears over 32.5°N,140°E 15 times. 
Latitudinally, it is located over 32.5°N 44 times and shifts southward to 30°N once and northward 
to 35°N five times. Longitudinally, the maximum of EAJS is usually located within 135-150°E, 

mostly appearing over 140°E or two grids (5 degrees) to the east or west of the longitude. 

One of the important features of Fig. 1 is that the variations of the EAJS maximum are not 

strongly related to ENSO (Fig. lb). Indeed, the simultaneous DJF correlation between SOI and 

the grid-point U200 is close to zero near the EAJS core. The largest westward shift (DJFs of 

1950/51 and 1968/69) and eastward movement (DJFs of 1960/61 and 1986/87) of the EAJS occur 

irrelevantly to ENSO events. (While 1968/69 and 1986/87 are El Nino years, 1950/51 and 

1960/61 are, respectively, La Nina and non-ENSO years.) In addition, neither of the two seasons 

during which the EAJS is the strongest (80 ms -1 in DJF of 1976/77 and 82 ms -1 in DJF of 

1980/81) is an ENSO winter. On the other hand, besides the U200 over many tropical regions, the 

westerlies over the subtropical central-eastern Pacific are significantly correlated with ENSO. 

The strong relationship between these westerlies and ENSO often overshadows the relationship 

between ENSO and the East Asian-Pacific jet stream. 

The weak relationship between ENSO and the EAJS core suggests that the two phenomena 
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may play different roles in modulating the climate of the East Asian and Pacific regions. It also 
demonstrates the need of measuring the variability of EAJS and assessing its climate impact 
appropriately. The small migration of the EAJS core facilitates the construction of an index that 

measures the jet stream. We define this index as the yearly DJF U200 averaged within 30-35°N 

and 125-165°E (see Fig. lc), an area that covers the EAJS core of all winters. There is no 
apparent relationship between this index and SOI, which is also shown in Fig. lc, with a near- 
zero correlation between the two time series. 

Figure Id shows the correlation between the EAJS index and grid-point U200. The 
dominant feature of the figure is that the variability of EAJS is associated with a northwest- 
southeast oriented teleconnection pattern over Asia and the western-central Pacific. This pattern 
is nearly identical to the correlation pattern in which the EAJS index is replaced by the one-point 

U200 time series of the climatological jet core location (32.5°N, 142. 5°E). The pattern of Fig. Id 
differs substantially from the ENSO-related teleconnection pattern shown in Fig. lb. Except for 
the Asian- Australian monsoon regions, the ENSO— related features are mainly confined to the 
east of the dateline, oriented in a north-south direction over the central-eastern Pacific. At the 
locations where SOI-U200 correlations are strongest, the EAJS-U200 correlations are among the 
weakest, and vice versa. The differences between Figs, lb and Id imply that the EAJS and ENSO 
are associated with two different modes of the atmospheric circulation over the Asian-Pacific- 
American regions. These two models are confirmed by calculations of the empirical orthogonal 
function (EOF) of DJF U200 (figures not shown). While the features of the first EOF mode are 
similar to those shown in Fig. lb, and second EOF mode captures features similar to those shown 
in Fig. Id. 

In brief, the interannual variability of the center of East Asian jet stream is not strongly 
correlated with ENSO. Instead, the EAJS and ENSO are associated with two distinctly different 
circulation patterns over Asia and the Pacific. We will reveal the detailed features of these two 
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teleconnection patterns shortly and discuss their association with regional climate in the next 
section. 

Figure 2 shows the regression patterns of 500 mb geopotential height (H500) against, 
respectively, the EAJS and SOI. During winter, one of the major circulation systems at 500-mb 
level is the East Asian trough, which is anchored along the east coast of East Asia and extends 
from the Sea of Okhotsk through Japan to the East China Sea. It can be seen from Fig. 2a that the 
trough deepens when the EAJS strengthens. Associated with the intensified EAJS and trough is 
an adjustment of the large-scale circulation system over Asia and the Pacific. H500 decreases 
significantly to the east and increases to the northwest of the trough. Such an adjustment is 
associated with a wave-train pattern that spans the entire extratropical Northern Hemisphere. 
Thus, the variation of EAJS is linked to a teleconnection pattern that also affects the climate 
outside the Asian-Pacific regions. 

The variations of H500 that are associated with ENSO (Fig. 2b) differ clearly from those 
shown in Fig. 2a. Although ENSO produces very significant signals over the Tropics, it causes 
much smaller changes over extratropical Asia. In addition, the locations of ENSO— related centers 
of the H500 variance over the central Pacific and North America are fiirther eastward, compared 
with those associated with the EAJS. 

Figure 3a shows the pattern of regression of 850-mb wind vectors against the EAJS index 
and that of the correlation (shadings) between the EAJS and grid-point SST. Associated with a 
strong EAJS is a broad-scale cyclonic pattern over the North Pacific, with strong changes over 
the Aleutian Islands and the Gulf of Alaska. An intensifying EAJS also gives rise to a stronger 
Asian continent high and thus stronger winter monsoon in East Asia (see more detailed 
discussions in the next section). In addition, significant EAJS— related signals can also be seen 
over North America and the Atlantic. These changes in the atmospheric circulation link to 
anomalies in the fields of precipitation and temperatures, which will be shown in the next section. 
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Figure 3a also indicates that associated with a strong EAJS are negative SST anomalies in 
the subtropical North Pacific including the East China Sea, the Yellow Sea, and the Sea of Japan. 
Over the extratropical oceans, the wintertime atmospheric signals are characterized by barotropic 

nature. When the EAJS intensifies, the underneath near surface winds over 25-42°N become 
stronger (figures not shown). The intensifying surface wind causes strong mixing, evaporation, 
and probably upwelling in some coastal regions, and decreases the SST. A strong EAJS is linked 
to positive SST anomalies in the area from the tropical western Pacific to subtropical eastern 
Pacific. These anomalies are associated with the weakening of the northeasterly trade winds over 
the ocean domains. 

ENSO is connected to lower tropospheric wind and SST patterns that are very different 
from those shown in Fig. 3a. It can be seen from Fig. 3b that ENSO links dominant signals in the 
Tropics, where only moderate features are accounted for by the EAJS. Over the North Pacific, a 
cyclonic pattern appears during El Nino years but its center shifts eastward compared with that 
shown in Fig. 3 a. Significant difference exists over the Asian continent and extratropical western 
Pacific where the EAJS seems to exert a larger climate impact than ENSO does (also see 
discussion in the next section). The East Asian winter monsoon is weaker during El Nino years, 
mainly over the South China Sea, the East China Sea, and southern China. The weaker monsoon 
circulation is consistent with the smaller surface temperature gradients between the Asian 
continent and surrounding oceans. 

4. Regional features 

In this section, we will depict the relative influences of the EAJS and ENSO on the regional 
climate of East Asia and western Pacific that is measured by two basic fields: temperature and 
precipitation. Figure 4 shows the composite pattern of difference in DJF surface air temperature 
between strong and weak EAJS years (Fig. 4a) and that between El Nino and La Nina years (Fig. 
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4b). The dominant feature of Fig. 4a is the cooling over the mid-latitude East Asia and western 
Pacific and the warming in the high latitudes associated with a strong EAJS. When the jet stream 
is strong, apparent cooling occurs in China, Korea, Japan, and many Southeast Asian countries. 

As expected, ENSO causes much stronger signals over the tropical Pacific (Fig. 4b). Over Asia, 
warm conditions prevail during El Nino years (or cold conditions during La Nina years). A 
careful examination of the figure indicates that the change in Ts is more apparent in Fig. 4a than 
in Fig. 4b for East China, Korea, Japan, and their adjacent areas. 

Shown in Fig. 5 are the composite patterns of precipitation variations associated with the 
EAJS and ENSO. A strong EAJS causes less precipitation in the middle latitudes and more 
precipitation in the lower latitudes over Asia and the western Pacific and produces opposite 
signals over the central Pacific. When the EAJS is strong, precipitation reduces clearly in eastern 
China, Korea, and central-southern Japan. The EAJS-related change in East and Southeast Asia 
shown in Fig. 5a is consistent with the intensification of the Hadley overturning (see Fig. 3a) that 
depresses (enhances) atmospheric convection in the extratropics (Tropics). This result is in 
agreement with that of Chang and Lau (1980) and Lau and Boyle (1987) who showed that a 
strong jet stream is associated with enhanced convective activities over the tropical western 
Pacific and maritime continent. 

Although El Nino produces more precipitation over Northeast China, Korea, and the Asian 

land areas around 20°N, it mainly causes strong signals in the Tropics, e.g., enhanced 
precipitation over the equatorial central-eastern Pacific and reduced precipitation over South and 
Southeast Asia (Fig. 5b). Indeed, only relatively weaker, mixed ENSO-related signals appear 
over the subtropical-extratropical Asian continent. 

We now examine the more regional features of the response of East Asian climate to ENSO 
and the variability of EAJS. Figure 6 displays an index that measures the interannual variability 
of the East Asian winter monsoon. The index is defined as the normalized values of the DJF 850- 
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mb meridional wind that is averaged over the domain of 20°-40°N, 100°-140°E. In the figure, 
the values associated with strong EAJS (solid bars), weak EAJS (open bars), El Nino (E), and La 
Nina (L) years are indicated. It can be seen that the monsoon is usually strong when the EAJS is 
strong, and vice versa. For example, among the 23 years of strong monsoon (negative values), the 
EAJS is stronger than normal in 16 years and weaker than normal in seven years. Among the 22 
years of weak monsoon, the EAJS is weak in 16 years and strong in six years. For the period 
1949-99, the correlation between the EAJS and the monsoon is significant with a coefficient of 
—0.51. Figure 6 also indicates that the variability of the monsoon is also linked to ENSO. During 
the eight El Nino years, the monsoon is weaker than normal in six years and stronger than normal 
in two years. However, during the 1 1 La Nina years, the monsoon is strong in six years and waek 
in five years. For the entire period examined, the correlation between the monsoon and SOI is 
weaker (R = -0.37) than the monsoon-EAJS correlation. 

Figure 7 shows the year-to-year variations of the normalized surface temperature from 
stations of northern China, Korea, and central Japan (see figure captions for the list of the 
stations). As in Fig. 6, the values associated with strong EAJS, weak EAJS, El Nino, and La Nina 
years are indicated, respectively, by solid bars, open bars, E, and L. For the entire 50 years from 
1950 to 1999, the coefficient of correlation between the EAJS with the temperature of China, 
Korea, and Japan is respectively -0.24, -0.55, and -0.60. In spite of the relatively weak 
correlation for China, these numbers are larger than the coefficients of correlation between SOI 
and the temperature, which are consecutively -0.17, -0.25, and -0.35. For all three regions, 
above-normal Ts occurs mostly during weak EAJS years. In addition, most of the below-normal 
Ts in both Korea and Japan appears when the EAJS is strong. 

According to Fig. 7, the East Asian temperature has a stronger linear relationship with the 
EAJS than with ENSO. However, the figure also indicates that above-normal Ts appears during 
most of the major El Nino events (for Korea, similar to the result of Kang 1997) and that there is 
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no apparent relationship between Ts and La Nina events. 

Similar to Fig. 7, Fig. 8 shows the variability of the normalized precipitation of northern 
China, Korea, and central Japan. Unlike Fig. 5 where the CMAP precipitation since 1979 is 
analyzed. Fig. 8 depicts precipitation variability since 1949. The most prominent feature of the 
figure is that the precipitation of these regions is strongly correlated with the EAJS but not with 
ENSO. The coefficients of correlation between the EAJS and precipitation are -0.5 1 for China, 
-0.70 for Korea, and -0.57 for Japan. The association between strong EAJS and weak 
precipitation (or between weak EAJS and strong precipitation ) occurs more frequently than the 
opposite EAJS-precipitation relationship. On the contary, the SOI-precipitation correlation 
coefficients are only -0.05 for China, -0.21 for Korea, and -0.17 for Japan. The figure indicates 
that major ENSO events do not cause consistent precipitation anomalies in East Asian regions, 
except that six out of the eight Nino events are accompanied by above-normal precipitation in 
Korea. 

5. Summary 

In this study, the influences of the East Asian jet stream (EAJS) and ENSO on the 
interannual variability of the East Asian winter climate have been examined with a focus on the 
relative climate impacts of the two phenomena. Although the variations of the East Asian winter 
monsoon and the temperature and precipitation of China, Japan, and Korea have been 
emphasized, the associated changes in the broad— scale atmospheric circulation patterns over Asia 
and the Pacific and in the extratropical North Pacific SST have been investigated as well. 

It has been demonstrated that there is no apparent relationship between ENSO and the 
interannual variability of EAJS core. The two phenomena, whose variations are similar to the two 
gravest modes of the EOF of the 200-mb zonal wind over Asia and the Pacific, are connected to 
distinctly different patterns of atmospheric circulation and SST distributions. ENSO causes major 


climate signals in the Tropics and over the North Pacific east of the dateline. During El Nino 
years, the East Asia winter monsoon is usually weak, leading to a warm regional climate. 
However, there is no clear relationship between La Nina and the East Asian winter climate 
including the monsoon and temperature and precipitation fields. As a results, the linear 
correlation between ENSO and the East Asian climate is very weak, at least for the period 1 949- 
99. 

Compared to ENSO, the EAJS produces larger changes in the atmospheric circulation over 
East Asia and the western Pacific. In particular, the EAJS explains larger variance of the 
interannual signals of the East Asian trough, the Asian continental high, the Aleutian low, and the 
East Asian winter monsoon. When the EAJS is strong, all these atmospheric systems intensify 
significantly, and East Asia is characterized by a cold and dry winter climate. Opposite climate 
signals appear when the EAJS is weak. In terms of linear correlation, both the temperature and 
precipitation of East Asia regions such as northern China, Korea, and central Japan are more 
significantly associated with the EAJS than with ENSO. 

It has been understood that ENSO accounts for only part of the anomalies of the Earth s 
climate. In East Asia, the impact of ENSO on the regional climate is only moderate even 
relatively weak. Therefore, limitation exists in the skills of predicting the climate based solely on 
ENSO. This study has demonstrated the importance of the EAJS for understanding the variability 
of the East Asian climate. It has also suggested that to improve the prediction of Asian climate, 
the EAJS should be considered as an important factor. This is particular so given that the 
variability of the EAJS is connected to the SST in extratropical western Pacific. Furthermore, the 
EAJS also causes variability in the climate of the eastern Pacific and North America (Yang et al. 
2000). The jet stream acts like a atmospheric bridge in connecting the climate signals in Asia and 
America. New evidence of such a cross-Pacific teleconnection, linked to the Asian monsoon, has 
recently provided by Lau and Weng (2000). To gain a better understanding of the variations of 
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climate in the Asia Pacific America regions, it is necessary to conduct more investigations into 
the association between the EAJS and the North Pacific SST and into the impact of EAJS on the 
climate outside the Asian and western Pacific regions. 
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Figure captions 

Fig. 1. (a) 1949-1999 climatology of DJF U200 (ms 1 ) from NCEP/NCAR reanalysis product. 

Values > 40 ms 1 are shaded, (b) DIF correlation between SOI and the U200 at each grid 
for the period from 1949 to 1999. (c) Normalized time series of the EAJS (DJF U200 

averaged over 30-35°N, 125-165°E) and SOI. The correlation between the two time series 
has a coefficient of 0.05. (d) DJF correlation between the EAJS and the U200 at each grid 
for the period from 1949 to 1999. Values > 99% confidence level are shaded in (b) and (d). 

Fig. 2. Regressions (in m) of the DJF 500-mb geopotential height (H500) against the EAJS (a) 
and against negative SOI (b). Shadings indicate the areas where the correlation of H500 
with EAJS (or with SOI) is significant at the 99% confidence level. 

Fig. 3. Vectors represent regressions (in ms"’) of the DJF 850-mb winds against the EAJS (a) 
and negative SOI (b). The shadings indicate the correlation between the EAJS and SST (a), 
and between negative SOI and SST. Only the information that is statistically significant at 
99% confidence level is shown in the figure. 

Fig. 4. (a) Composite pattern of the difference in Ts (in °C) between strong and weak EAJS 

years. The strong EAJS category includes the DJFs of 1952/53, 61/62, 67/68, 69/70, 76/77, 
80/81, 83/84, 94/95, and 95/96. The weak EAJ category includes the DJFs of 1953/54, 
58/59, 68/69, 71/72, 72/73, 78/79, 89/90, 91/92, and 92/93. (b) Composite pattern of the 
difference in Ts between El Nino and La Nina years. The El Nino years include 195 1/52, 
57/58, 58/59, 72/73, 77/78, 82/83, 86/87, 91/92, and 97/98. The La Nina years include 
1950/51, 55/56, 61/62, 66/67, 70/71, 73/74, 75/76, 88/89, and 96/97. 

Fig. 5. (a) Composite pattern of the difference in precipitation percentage (divided by 

climatology) between strong and weak EAJS years. The strong EAJS category includes the 
DJFs of 1980/81, 83/84, 94/95, and 95/96. The weak EAJ category includes the DJFs of 
1978/79, 89/90, 91/92, and 92/93. (b) Composite pattern of the difference in precipitation 
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percentage between El Nino and La Nina years. The El Nino years include 1982/83, 86/87, 
91/92, and 97/98. The La Nina years include 1981/82, 88/89, 96/97, and 98/99. 

Fig. 6. East Asian winter monsoon index defined as the normalized area-averaged values of the 

meridional component of DJF 850-mb winds (ms -1 ) ove (20°-40°N, 100°-140°E). The 
values of strong and weak EAJS years are shown by solid and open bars, respectively. The 
letters E and L stand for El Nino and La Nina. The coefficients are -0.5 1 for the EAJS- 
monsoon correlation and -0.37 for the SOI— monsoon correlation. The label 1950 in x— 
coordinate represents the season from December 1949 to February 1950. 

Fig. 7. Normalized DJF surface temperature for (a) Chinese stations (Beijing, Qingdao, 

Shenyang, Taiyuan, and Yinchuan), (b) Korean stations (Kangnung, Mokpo, Pusan, Seoul, 
and Taegu), and (c) Japanese stations (Kanazawa, Nagoya, Osaka, Shionomisaki, and 
Tokyo). The values of strong and weak EAJS years are shown by solid and open bars, 
respectively. The letters E and L stand for El Nino and La Nina. The EAJS— temperature 
(SOI— temperature) correlation coefficients are —0.24 (—0.17) for China, —0.55 (—0.25) for 
Korea, and -0.60 (-0.35) for Japan. 

Fig. 8. Normalized DJF precipitation for (a) Chinese stations (Beijing, Qingdao, Shenyang, 
Taiyuan, and Yinchuan), (b) Korean stations (Kangnung, Mokpo, Pusan, Seoul, and 
Taegu), and (c) Japanese stations (Kanazawa, Nagoya, Osaka, Shionomisaki, and Tokyo). 
The values of strong and weak EAJS years are shown by solid and open bars, respectively. 
The letters E and L stand for El Nino and La Nina. The EAJS-precipitation (SOI- 
precipitation) correlation coefficients are -0.51 (-0.05) for China, -0.70 (-0.21) for Korea, 
and -0.57 (-0. 1 7) for Japan. 
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(a) DJF U200 Climatology (c) Normalized DJF EAJS and SOI 
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